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ABSTRACT

The Photovoltaic Systems Research and Development
Program at Sandia Nationa Laboratories is driving to make
photovoltaics a preferred electrical energy supply option by
reducing the life-cycle codts, improving the reliability, and
increasing and assuring the performance of fielded systems; by
removing technicd and market barriers to the use of the
technology; and by supporting market growth for commercia
U.S. photovoltaic sysems. These gods are interrdaed in that
pursuing one of the objectives generaly affects (podtively or
negatively) one or more of the others.  Corregpondingly, most
activities undertaken by the program contribute to achieving
more than one of the gods This paper summarizes recent
progress toward these objectives and describes aress of future
program emphasis.

Introduction

Sandia Nationd Laboratories has been involved in
photovaltaics (PV) research, development and deployment for
more than 25 years. A particular emphass of the Sandia PV
program throughout its history has been the systems engineering
agpect of PV technology. Systems engineering includes not only
ensuring that each component is properly designed, but also that
the components perform properly together over the life of the
system. Sysem engineering also includes ensuring proper
installation and maintainability.

The general approach of the systems engineering programisto
partner with industry and other organizationsto achieve the goals
of the U.S. Depatment of Energy’s 5-Year Plans and, more
recently, the PV Industry Roadmap [1,2]. The Southeest and
Southwest Region Experiment Stations (RES's) et the Horida
Solar Energy Center (FSEC) and New Mexico State University's
Southwest Technology Development Indtitute (NMSU/SWTDI)
areintegra partsof the Sandia program.

1. Reducing Life-Cycle Cods

Cost has dways been akey issue in the photovoltaics industry.
Although costs of PV modules and systems have fallen
dramaticaly over the lifetime of theindustry, and there are many
applications where PV is the most economica energy-supply
choice, the cost per kilowatt-hour of eectricity generated by PV
is dill significantly higher than traditiond alternatives in many
market sectors.  This has relegated PV to providing only a tiny
fraction of theeectricity consumed inthe U.S.

Itisimportant to look at life-cycle codts, not just installed costs
[3]. Recent work looking at the actud life-cycle costs of ingtalled
PV systems has shown that a sgnificant portion of the life-cycle
costs is due to unanticipated transaction costs, such as insurance,
and unplanned maintenance [4]. This substantialy increases the
actual cost per kilowatt-hour of the electricity generated.

Uncertainty surrounding the actua life-cycle costs of PV-
generated electricity has been given as a mgor reason for

reluctance on the part of eectric cooperatives in making greater
use of PV technology. Sandia and its partners are currently
populaing a database to track and andyze fielded systems in
sdected applications to better understand true life-cycle cogs.
Next seps will be to prioritize opportunities for cost reduction
and pursue them. [5]

2. Improving Reiability
A mgor focus of Sandids PV Systems R&D program is
improving the rdiability of fidded systems. There is
condderable anecdotal information indicating that many PV
systems are not performing as expected in the field. Unlessthese
religbility issues are addressed, the markets for PV technology
will be hindered significantly. However, there is currently
insufficient information available to resolve this issue in a
cientific and credible way. At the request of the Department of
Energy, Sandia recently prepared a plan to use a systematic and
scientific approach to define and achieve PV system lifetimes of
25years[6]. Key dementsof thisplan include the following:
Developing a better undersanding of the reliability of
fielded systems through further development of rdliability
databases.
Conducting detailed investigations of field-aged systems and
components to quantify performance degradation, identify
degradation mechanisms and root causes for failures, and
facilitate manufacturing improvements.
Modeling sysem performance and rdligbility to identify
fault-tolerant designs, performance sengtivity to component
falures, and cogt of different component replacement
drategies.
Developing solutions to priority problems, working in
partnership with appropriate industry members or other
organizations. In some cases, the issues may be technical
(such as inverters) and in other cases they may be
infrastructural or indtitutiond (such as lack of capacity
within a user organization to properly manage and maintain
aPV system).

3. Increasng and Assuring Perfor mance

Increasing the performance of PV systems and components
contributes to reduced life-cycle cods. Sandia’'s program
addresses performance issues through two types of activities: (1)
by advancing PV technology through research and devel opment
on components, systems, and processes to increase the energy
produced per unit $, material, area, etc., and (2) by contributing to
the development of “best practices’ to assure performancein the
field.

The firg activity involves characterizing (measuring,
modeling) system performance, identifying performance-limiting
mechanisms, and then developing dternaives to overcome
limitations. Recent R&D includes comprehensive performance
and sofety evaduation of small stand-done systems for rurd
goplications, round-robin module calibrations in support of
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laboratory accreditation at FSEC and Arizona State University,
and diagnostic evaluation of field durability issues identified in
commercial modules,

The second activity includes the development of standards to
set common minimum limits for performance; development of
codes to ensure safety, and which are necessary for acceptance of
technology; development of certification procedures to improve
the quality of ingdlations, and development of accreditation
programs to assure the qudity of (the facility conducting) testing.
In FY2001, the program completed work to change the 2002
edition of the Nationd Electricd Code and contributed to | EEE,
IEC, and Underwriters Laboratories PV dandards
Accreditation and certification programs progressed with the
establishment of FSEC as an accredited and certified training and
testing facility and the establishment of a hardware certification
program at Sandia

4. RemovingBarriers

Removing barriers to the development, manufacture, and use
of photovoltaic technologies has long been a focus of Sandia's
PV program. Through the PV Design Assistance Center (aka PV
Systems Assistance Center), Sandiaand the RES s have provided
technical assistance, helped build capacity and infrastructure, and
dissaminated vast amounts of informetion about PV technology
to hundreds of organizaions[7].

Technica assigtance includes hardware eval uation and testing,
help with project development and system specifications, and
troubleshooting for both industry and users of the technology.
Recent technical assstance isdescribed in Reference 7.

Capacity building and infrastructure development includes
targeted training of and collaborative activities with industry,
decison makers, technology users, desgners & architects,
ingalers, and ingpectors.  Recent training activities are described
in Reference 7. Asan example of a collaborative activity to build
cgpecity, Sandia is working with students of colleges and
universities in New Mexico to develop a solar car team for the
2003 American Solar Challenge. Native American students are
being recruited to join the team, which will help build the
capcity to make use of PV technology within the Native
American community.

Sandia maintains a repository of information accessible
through a web dte and actively disseminates papers and
publications to target audiences. Sandia hosted a Photovoltaic
Systems Symposium in Albuquerque, NM in July 2001 that was
attended by more than 200 industry, government, utility and
inditutiona partners.

5. Supporting Market Growth

While marketing itsdlf is consdered the domain of the private
sector, there are many ingtances where targeted R& D, technicdl
assistance, and/or collaborations by the national |aboratories can
provide unique assigtance to contribute to the growth of markets
for the U.S. photovoltaic industry. Sandia's work in this area
fdlsinto three categories:

New Applications. Working with industry, Sandia and its
partners are developing new applications for PV technology.
This is esentidly R&D with a view toward untapped markets.
Seven sectors have been identified as promising near term
opportunities for subgtantial market growth if the necessary
systems engineering R&D was undertaken:  trangportation,

remote instrumentation and monitoring, commercid and
industria lighting and signage, water purification, refrigeration,
building envelope temperature control, and defense[8] .
Technology Commercidization: Sandia and the RES's
provide key assistance to the industry in commercidizing their
systems technology. This work includes laboratory and field
testing of components and systems, troubleshooting and analysis,
feedback and redesign. For example, Sandia recently completed
evauations of two systems designed to provide power for homes
in the Navgjo Nation. In addition to contributing to the commer-
cidization of PV technology, this laboratory and fidd work
provides Sandia and the DOE PV program with up-to-date ex-
perience with and understanding of PV systems that is criticd to
maintaining a gate-of-the-art PV system engineering capability.
Technology Deployment:  Another way in which the systems
engineering program contributes to the growth of markets is by
implementing deployment programs in close partnership with
organizations that can make wide use of PV sysems. The
program provides technical assstance in the implementation of
pilot projects to build capacity within these organizations. The
progran  helps the organizetions maindream the use and
procurement of PV technology, and sets the stage for large-scale
project replication. For example, working with the U.S.
Department of Agriculture’'s Rurd Utility Service (RUS) to
mainstream the use of PV in its operations with rurd utilities
opens up avast market for PV. Experience gained through these
deployment projects provides vauable lessons learned about
fielding PV technology that are fed back into the other systems
engineering activities. In addition to the RUS, current partner-
ships include the U.S. Department of Defense, the U.S. Agency
for International Development, the Florida Solar Buildings
Program, the U.S. Bureau of Reclamation, Mexico's Agriculture
Secretariat, SAt River Project, and the Navgo Triba Utility
Authority. Partnerships under development include a number of
organizations in Cdlifornia, such as the Cdlifornia Energy
Commission and the Sacramento Municipa Utility Digtrict.
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